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When rats are placed on a diet low in protein there occurs within a 
few days a fall of total serum proteins from the control level of approxi- 
mately  6.25-6.50  gin.  per  cent  to  approximately  5.25-5.50.  From 
this  point  on,  however,  there  appears  to  be stubborn  resistance  to 
further  decrease of serum protein  concentration,  and in experiments 
previously  reported  (1)  maintenance  on  a  diet  almost  protein-free 
for periods of several months did not lead to a further significant drop. 
These observations suggest that there may be a  portion of the blood 
protein more labile than the rest, which perhaps is readily called on for 
nutritive purposes when the exogenous supply is cut off.  Such a view 
was supported many years ago by Voit (2)  (circulating protein); and 
the  recent  observations  of Whipple  (3)  suggest that  serum  protein 
introduced intravenously in dogs can to some extent be utilized.  At 
any rate it seemed of interest to study this phenomenon of the "initial" 
drop of serum protein by examining the effects of various diets with 
different protein contents. 
Methods 
Young mature rats (150-200 gin.) were used.  In order to simplify conditions 
the diets were made up of casein and a starch-lard mixture in various proportions. 
No mrs or vitamin preparations were added.  The dietary constituents were not, 
however, chemically purified.  Food was offered in abundance and water was not 
restricted.  The animals were weighed at frequent intervals and the total serum 
proteins  were determined  on pooled blood  (obtained  by exsanguination) from 
groups of four or more rats.  The  gravimetric  method  of Barnett,  Jones,  and 
Colin (4) was used. 
* Supported by a grant from the Rockefeller Fluid Research Fund. 
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In trying to obtain really comparable results with the various diets 
two difficulties were immediately encountered--the difficulty of time 
and the difficulty of weight.  If, in brief, the rats lost weight uniformly 
on all the diets and if all the blood protein determinations could be 
made after the same time interval, then the results would be truly 
comparable.  This was impossible, as a  study of Fig. 1 which shows 
the  weight  curves  demonstrates.  On the diet of casein  alone,  for 
example, the rats eventually weighed very little less than at the start 
of the experiment; on all the other diets there was progressive weight 
loss but at varying rates of speed.  It was decided therefore to esti- 
mate the proteins in all groups (except the 100 per cent casein group) 
when a uniform amount of weight loss--approximately 35 per cent of 
the original--had taken place.  This is the maximum loss which rats 
on any defective diet can tolerate safdy; if one pushes the experiment 
beyond this point certain individuals die even though some can survive 
further depletion. 
It is of interest (see Fig. 1) that speed of weight loss did not vary 
directly with percentage of protein in the diet when protein was 20 
per cent or less.  We are not sure that this observation is statistically 
valid; perhaps with larger groups of rats there would have been a cor- 
relation.  The point of importance is that with all the smaller protein 
rations there was very rapid weight loss in contrast to the 50 per cent 
and 100 per cent casein diets.  The exact amount of food taken by 
each rat could not be measured but since a superabundance was offered 
it is probable that lack of appetite plays at least a part in the instances 
of weight loss. 
None of the rats on any of the diets showed the usual signs of vitamin 
deficiency--eye  dystrophies,  disturbances  of  hair,  diarrhea,  etc. 
There were no gross lesions at autopsy but there was a rough correla- 
tion between weight loss and the amount of intra-abdominal fat. 
RESULTS 
1.  Diet of Casein Alone.--Thirty-four  rats  were fed casein alone. 
Batches of 4-6 were killed on the 6th, 28th, 42d, 98th, ll9th, and 140th 
days.  A composite weight curve is shown in Fig. 1.  It is seen that 
the animals lost weight rapidly for about 3 weeks, reached a level, and 
then gained so that on the 100th day they were only 10 per cent under ARTHUR  L. BLOOMIqELD  467 
the  original  weight.  The  total  serum  protein  values  are  shown  in 
Table I.  The  net result  of prolonged casein feeding,  it  appears,  is 
that good nutrition  and a  normal serum protein level are preserved. 
The initial sharp drop in weight is of interest.  It evidently involved 
some lack of adjustment  to the new diet and was associated with a 
slight fall in the serum protein level from which there was rapid  re- 
covery as the animals  regained weight. 
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FIG.  1.  Composite weight curves of rats on various diets. 
the  ends of the  curves give percentage of casein in  the diet.  The  remainder 
consisted of starch-lard mixture. 
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2.  Diet of Casein 50 Per Cent and Starch-Lard 50 Per Cent.--Fifteen 
animals were used.  Eight were killed on the 110th day and seven on 
the 150th day.  The serum protein values were respectively 6.17 gin. 
per cent and 6.24 gin. per cent.  The composite weight curve is shown 
in Fig.  1.  Here in contrast to the diet of casein alone there was no 
sudden initial fall in weight but a steady drop so that at 140 days this 
group had lost 30 per cent of their initial weight in contrast to the 9 
per cent loss of the casein rats.  On this regimen, then, as with casein 
alone there was no significant  drop in serum proteins in spite of the 
fact that  the diet was evidently inadequate  as evidenced by progres- 
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3.  Diet of Casein 20 Per Cent and Starch-Lard 80 Per Cent.--Sixteen 
rats were placed on this diet.  As shown by the composite curve in 
Fig.  1  there  was  rapid  and  progressive weight loss.  Eight  of the 
animals were killed on the 56th day.  Their weight had fallen to 57 
per cent of the original value and  the serum protein  concentration 
(pooled) was 5.84 gin. per cent.  The remaining eight rats were killed 
on the 63d day.  They had not lost as much and still weighed 70 per 
cent of the original value.  The serum proteins were 6.11 gin. per cent. 
These values for serum protein concentration are only very little below 
normal and it is evident that even on a diet which leads to rapid loss 
of  weight  a  relatively small  amount  of protein  suffices to prevent 
material lowering of blood protein concentration. 
TABLE  I 
Total Serum Proteins of Rats on a Diet of Casein Alone 
Length  of time on  Total serum proteins  Batch No.  No. of rats  diet 
Controls on stock diet 
A  6 
B  6 
C  6 
D  6 
E  6 
S  4 
days 
6 
28 
42 
98 
119 
140 
gin. per cenJ 
6.25-6.50 
6.57 
6.07 
6.06 
6.17 
6.25 
6.37 
4.  Diet of Casein 10 Per Cent and Starch-Lard  90 Per Cent.--Eight 
rats  were  used.  The  composite  weight  curve  is  shown  in  Fig.  1. 
On the 85th day the pooled serum proteins were 5.22  gin. per cent. 
Here for the first time we find a drop to a level definitely below normal. 
It is not,  however, outside the bounds of the "initial"  or  "physio- 
logical" drop which occurs during the first few days on any low protein 
diet. 
5.  Diet of Casein 5 Per Cent and Starch-Lard 95 Per Cent.--Fifteen 
rats were used.  Ten were killed on the 47th day (weight 67 per cent 
of initial value) and the serum proteins were 5.46 gin. per cent.  Five 
were killed on the 53d day (weight 66 per cent of initial value) with 
serum proteins  5.55  gin.  per cent.  These values  are definitely not ARTHUR  L. BLOOMI~IELD  469 
below those which result from the initial drop, and it should be noted 
that lowering the protein content of the diet from 10 per cent to 5 per 
cent led to no further fall in serum protein values. 
6.  Diet  of Casein  1  Per  Cent  and Starck-Lard 99  Per  Cent.--Ten 
rats were placed on this  diet.  As shown in  Fig.  1 there was rapid 
weight loss so that by the 25th day weight was reduced to 66 per cent 
of the initial value and it was thought advisable to sacrifice the animals. 
The serum proteins were 5.59  gin.  per cent,  a  value,  as it happens, 
TABLE II 
Summary of Effect of Various  Rations  on Serum Protein Level 
Diet  Duration of experiment  Loss of weight  Serum protein concen-  trataon 
Casein alone 
Casein 50% 
Starch-lard 50% 
Casein 20% 
Starch-lard 80% 
Casein 10% 
Starch-lard 90% 
Casein 5% 
Starch-lard 95% 
Casein 1% 
Starch-lard 99% 
da~ 
12~1~ 
150 
63 
92 
53 
I0+ 
33 
30 
36 
34 
25  34 
gra. her  ce~t 
6.25-6.37 
6.25 
6.11 
5.46 
5.55 
5.59 
higher than that obtained in the rats which received 5 and 10 per cent 
of casein. 
7.  Diet of Starch and Lard; No Casein.  We have reported at length 
studies of the effect of this diet on serum proteins (5).  There is the 
usual initial  drop often followed by no  further lowering of protein 
although in some groups of rats which have been carried for 5-7 weeks 
we have obtained values of from 4.50-5.00 gin. per cent.  This diet, 
however, with no proteins, vitamins, or salts, subjects the animal to a 
drastic attack on its nutrition. 
The results of all the experiments are summarized in Table II. 470  SE~UM  PROTEIN  CONCENTRATION 
DISCUSSION 
To  make  clear  the  significance  of  these  experiments: We  have 
previously demonstrated that on low protein diets there is a prompt 
(few days) fall of serum protein concentration in the rat from a control 
level of 6.25-6.50  to  a  level of  5.25-5.50  gin.  per  cent.  The drop 
amounts roughly to about 20 per cent.  Thereafter, even if the low 
protein diet is continued for long periods there may be no further de- 
cline of serum protein concentration.  The object of the present ex- 
periments was to determine with successive decreases of protein in the 
diet at what point the phenomenon of the initial drop took place. 
It appears that with protein rations of 50 per cent or over there was 
no drop at all in the concentration of serum proteins.  With the 20 
per cent casein diet there was a  very slight lowering of questionable 
significance.  With protein rations  under 20 per cent there was no 
further fall  after the initial  drop  of  approximately  1  gm.  per  cent 
regardless of whether protein made up 10, 5, or 1 per cent of the diet. 
These  experiments seem in  accord with  the  view that  a  certain 
fraction of the serum proteins can be called on for metabolic purposes 
when  the  intake  is  inadequate.  When  this  fraction has  been  dis- 
posed of, however, further fall of blood protein concentration can be 
achieved only by drastic procedures as if there were a  resistance to 
alteration of the fundamental structure of blood colloids just as there 
is to alterations of acid-base equilibrium. 
The following additional experiments are compatible with the views 
expressed  above. 
Sudden Changes  from High to Low Protein Die~.--Eight  rats  were 
placed on a diet of casein alone.  They were divided into two lots of 
four each.  On the 136th day the weight of Lot 1 was 89 per cent and 
of Lot 2, 96 per cent of the original value.  On this day Lot 2 were 
changed from a diet of casein alone to a diet of starch and lard with no 
casein; Lot  1  continued on  casein alone.  48  hours later both  lots 
were bled.  The pooled serum proteins of Lot  1 were 6.37  gin.  per 
cent, of Lot 2, 5.44 gin. per cent.  In brief, in Lot 2 even though the 
animals were on an excessively  high protein ration for 136 days, a 2 day 
change to starch-lard led to a sudden drop of blood proteins of the type 
which we have described.  During the final 2 days of the experiment, ARTB'UR L.  BLOOMFIELD  471 
Lot 1 gained from 89 per cent of original weight to 91 per cent, whereas 
Lot 2 gained from 96 per cent to 100 per cent even though the serum 
protein fell.  This gain was probably partly due to water retention. 
Sudden  Change from Low to High Protein Diet.--This experiment, 
reported in detail elsewhere (1), was in brief as follows: Ten rats were 
placed on a  diet practically free of protein but otherwise adequate. 
They were divided into two lots of five each.  On the 140th day Lot 1 
were bled and the serum protein concentration was 5.14 gin. per cent. 
Lot 2 were then placed on a stock diet containing 16 per cent of casein 
and 48 hours later they had gained from 87 per cent to 95 per cent of 
original weight.  On bleeding, the serum proteins were 6.19 gm. per 
cent.  The result is exactly the reverse of the preceding experiment. 
These very rapid changes in blood protein obtainable in  animals 
previously stabilized over long periods of time on high or low protein 
diets seem compatible with the view that there is a labile portion of 
the blood proteins apart from the basic blood colloids. 
SUU'~AI~Y 
1.  The effect of various percentages of protein (casein) in the diet on 
the serum protein concentration of the rat was studied. 
2.  With high protein rations (50 per cent or over) there is no drop at 
all of serum protein concentration, even though the diet is otherwise 
poorly balanced and inadequate as evidenced by weight loss. 
3.  With protein rations under 20 per cent the serum protein con- 
centration falls promptly to a level of about 5.25-5.50 gm. per cent, 
where it is maintained regardless of whether the diet contains 1,  5, 
or 10 per cent of protein.  Further depletion of the blood colloid con- 
centration seems to meet with resistance on the part of the body. 
BIBLIOGRAPHY 
1. Bloomfield, A. L., Y. Exp. Meal., 1933, 5"/, 705. 
2. Volt, cited by  Lusk, G., The  elements  of  the science of nutrition, Philadel- 
phia, W. B. Ssunders,  1925, 80. 
3. Ho!m~tu, R. L., Mahoney, E. B., and Whipple,  S. H., Y. Exp.  Med., 1934, 
59, 269. 
4. Barnett, C. W., Jones, R. B., and Cohn, R. B., J. Exp. Med., 1932, 56, 683. 
5.  Bloomfield, A. L., J. Exp. Meal., 1934, 59, 687. 